Purpose: Full-mouth disinfection enables to reduce the probability of cross contamination from untreated pockets to treated ones, for completing the entire SRP under local anesthesia with chlorhexidine as a mouth wash in two visits within 24 hours. This study aimed to compare the clinical effects of modified full-mouth disinfection (Fdis) after 6 months with those of conventional SRP (cSRP). Methods: Thirty non-smoking chronic periodontitis subjects were randomly allocated two groups. The Fdis group underwent the entire SRP under local anesthesia in two visits within 24 hours, a week after receiving supragingival scaling. A chlorhexidine (0.1%) solution was used for rinsing and subgingival irrigation for Fdis. The cSRP group received SRP per quadrant under local anesthesia at one-week intervals, one week after they had received scaling. Clinical parameters were recorded at baseline, after 1, 3 and 6 months. Results: There are significant (P < 0.05) decreases in the sulcus bleeding index, and plaque index, and the increases in gingival recession were significantly smaller with Fdis after six months compared with cSRP. There was significant improvement in the probing depth and clinical attachment level for initially medium-deep pockets (4-6mm) after Fdis compared with cSRP. Multi-rooted teeth showed significantly larger attachment gain up to six months after Fdis. Single-rooted teeth showed significantly more attachment gain, 1 and 6 months after Fdis. Buk-Gu, Gwangju, 500-757, Korea. E-mail: periodrk@chonnam.ac.kr, Tel: 82-62-530-5648, Fax: 82-62-530-5649. Received: Jun 25, 2009; Accepted: Jul 28, 2009 No external funding, apart from the support of the authorsʼ institution, was available for this study. 
INTRODUCTION
Periodontal disease is a mixed contamination by periodontal microbes. The activity of the disease is dependent on the susceptibility of the host, an increase in the number of pathogenic microbes and a decrease in the number of advantageous microbes 1) . Periodontal tissue destruction occurs when the balance of the hostʼs local and systemic immunologic defense system is broken by pathogenic microbes. Those microbes may inhabit not only the oral mucosa, periodontal pocket, tongue, saliva but also the oropharynx and paranasal sinuses. Changing the hostʼs susceptibility is difficult because it is a genetic factor. Therefore, successful periodontal treatment should aim to decreasethe number of pathogenic microbes in intra-oral ecological niches and plaque and re-establish an oral environment suitable for normal flora 2) . Scaling and root planing (SRP), is a frequently suggested treatment for periodontal contamination 3) . Most periodontal diseases respond well to nonsurgical treatment but the clinical results are dependent on patientʼs cooperation, the composition of plaque, and genetic or environmental factors. After mechanical instrumentation, the number of subgingival microbes decreases by one thousandth 4) . However, in the case of conventional SRP (cSRP), which is performed by quadrants or sextants,
The clinical effects of modified full-mouth disinfection in the treatment of moderate to severe chronic periodontitis patients pathogenic microbes from untreated areas such as the periodontal pocket, tongue, mucosa, pharynx or saliva can re-cluster into the treated pocket within a week leading to a recurrence of the disease 5) .
In order to reduce the probability of cross contamination from untreated pockets to treated ones, Quirynen et al. introduced a method for completing the entire SRP under local anesthesia with chlorhexidine as a mouth wash in two-visits within 24 hours.
They called it full-mouth disinfection 6) . .
Mongardini et al. 9) and Cho et al. 10) reported clinically improved results after Fdis for aggressive periodontitis patients. However, there are some studies
showing that Fdis has no added benefit compared with conventional methods. One study assumed the hostʼs increased immune reaction was caused by bacteremia after Fdis but reported a similar immune reaction to those of cSRP 11) . Another study reported similar clinical effect to those of cSRP after completion of Fdis in a single visit [12] [13] [14] . A more recent study by Moreira and . Therefore, the clinical effects of Fdis are not conclusive and there may be differences in the protocol of Fdis and subjects.
In Korea, patients can receive medical insurance benefits only when they received scaling in advance before subgingival SRP, and only a chlorhexidine solution (0.1%) can be purchased over-the-counter.
Therefore, the protocol reported by Quirynen et al.
6)
was modified for clinically easy application to fit the actual situation in Korea.
This study compared the clinical effects of modified Fdis after scaling using a chlorhexidine solution (0.1%) with those of conventional SRP in the treatment of moderate to severe generalized chronic periodontitis for 6 months.
MATERIALS AND METHODS

Study Population
Among the patients at the department of periodontology, Chonnam National University Hospital, those who satisfied the conditions below were included in the experiment.
1) Generalized chronic periodontitis patients with an
average bone loss at the time of thefirst visit between 20~40%, and an attachment loss of more than 3 mm taking more than 30% in the dental arches 7) . No record of tooth extraction in the upper right arch other than the third molar.
2) Generally healthy patients (those with systemic diseases, pregnancy and nursing were excluded.)
3) Patients not taking any medication that can affect the periodontal tissue during the maintenance phase.
4) Non-smoker
Forty three subjects satisfied the conditions and initially participated in the experiment, but 5 of them stopped using chlorhexidine and 8 were not followed up to the end of recall checks. Therefore, the final number of subjects was 30. The treatment group was determined according to the patientsʼ preference. The cSRP group (15 subjects, mean age: 46) was used as the control group and the Fdis group (15 subjects, mean age: 51) was used as the experimental group. 
Treatment
One week after the initial clinical examination, all the patients received supragingival scaling. One week later, the patients were divided into the control and experimental group according to their preferences and received treatment as follows. The experimental group received a modified protocol of Quirynen et al. the interproximal area, 3 for an excessive amount of plaque in the marginal ridge and interproximal area.
The gingival recession was measured from the CEJ to the free gingival margin using a probe (Williams probe, Hu-Friedy, Chicago, USA) using a 1 mm unit and the probing depth was also measured from the free gingival margin to the pocket base using a 1 mm unit with the same instrument. The clinical attachment level was the distance between the CEJ and pocket base, which is represented as the sum of the gingival recession and probing depth.
Adverse effects, such as an increase in body temperature, and herpes labialis were determined from a questionnaire given one week after the procedure in the upper right quadrant.
Statistical Methods
One 
RESULTS
Changes of clinical indices by the periods
There were significant decreases in the sulcus bleeding index, plaque index and probing depth, and a significant increase in gingival recession as well as significant attachment gain at six months after both treatments (Table 2 ).
There was a considerable decrease in the sulcus bleeding index one month after cSRP and a slightly larger decrease until 6 months in the control group.
In the experimental group the sulcus bleeding index decreased to 3 months but increased slightly by 6 months. The sulcus bleeding index in the control and experimental groups decreased to 0.9 and 1.7 at 1 month , 1.0 and 1.8 at 3 months, and 1.0 and 1.7 at 6 months, respectively (Table 3 ).
In the control group, there was a decrease in the plaque index until 3 months but an increase at 6 months. In the experimental group, there was a significant decrease at 1 month, aslight increase at 3 months and significant increase at 6 months. The plaque index in the control and experimental groups, when compared with the values at the baseline, decreased by 0.9 and 1.9 at 1 month, 1.1 and 1.8 at 3 months, and 0.8 and 1.1 at 6 months, respectively (Table 3) .
Gingival recession showed a significant increase in the control group at 1 month leading to a constant increase at 6 month. In the experimental group, there was an increase in gingival recession at 1 month, which remained constant for the remainder of the period. In the control group, gingival recession, when compared with the baseline values, increased 0.7±0.14 mm, 0.8±0.15 mm, 0.9±0.15 mm at 1, 3 and 6 months, respectively. In the experimental group, it increased 0.4±0.19 mm at one-month and remained constant until 6 months (Table 3 ).
In the control group, the probing depth decreased until 3 months but increased slightly at 6 months. In the experimental group, the probing depth decreased considerably at 1 month and was sustained until 6 months. In the control group, when compared with the baseline value, there was by 0.9±0.36 mm, 1.1±0.43 mm, 1.0±0.42 mm decrease observed at 1, 3 and 6 months after the procedure, respectively. In the experimental group, there was decrease of 1.2 mm until 6 months and remained constant thereafter (Table 3) .
There was attachment gain of 0.1±0.36 mm in the control group, and 0.7±0.36 mm in the experimental group at 6 months, and the attachment gain was sustained for 3 months in both groups (Table 3 ).
There were significant decreases in the SBI and PI, significant increases in gingival recession (P<0.05), and significant attachment gain at 1 and 3 months (P<0.05). However, at 6 months, only the experimental group showed significant attachment gain (P<0.05, Table 2 ). When the clinical indices were compared according to period, the experimental group showed a significantly larger decrease in the SBI and PI at 1, 3
and 6 months, less gingival recession and significant (Table 4) .
In both groups, the pocket reduction and clinicalattachment gain in the area of the initial pocket depth of 4-6 mm and >7 mm were significant until 6 months compared with the baseline (P<0.05, Table 4 ).
When comparing the clinical indices according to the period, the pocket reduction and clinical attachment gain in the area of an initial probing depth of 4-6 mm in the experimental group was significantly larger than the control group until 6 months (P<0.05). However, there were no significant differences between the groups in the area of a probing depth >7 mm (Table 5 ). The data is reported as the mean±SD *: significant difference in the parameters compared with cSRP at P<0.05. The data is reported as the mean±SD *: significant difference in the parameters compared with cSRP at P<0.05.
Comparison of changes of probing depth and clinical attachment level by the type of tooth
Changes in the probing depth and clinical attachment level according to the sites of the tooth
Adverse effects after treatment
A questionnaire was given to the patients after one week of treatment in the upper right quadrant to determine if there were any adverse effects after treatment. In the experimental group, one patient reported an increase in body temperature and three patients with a prior medical history reported herpes labialis. However, there were no adverse effects reported in the control group.
DISCUSSION
Pathogenic microbes can re-establish in the dorsum of the tongue, mucosa, tonsil and saliva as well as in the gingival pocket after periodontal treatment.
Moreover, those microbes can be transmitted via saliva flow 19) , periodontal probe 20) , explorer 21) and even byoral hygienic instruments 22) . Therefore, in the case of non-surgical periodontal treatment, access to the oral cavity as a whole might be more reasonable than access in the part. In addition, antiseptics may also be used to effectively suppress cross contamination.
Since the introduction of Fdis by Quirynen et al 6) , this idea of access as a whole has proven to be more effective clinically and microbiologically than the conventional way of partial access in many studies.
However, chlorhexidine gel, spray and solution (0.2%)
are not available in Korea. Therefore, in this study of generalized moderate to severe chronic periodontitis patients, a chlorhexidine solution (0.1%), which can be purchased over-the-counter and has few side-effects, was used in the modified Fdis that was designed to be simple to apply after SRP. In addition, the clinical effects of Fdis were compared with the conventional SRP over a 6-month period.
Although the additional effects of chlorhexidine use cannot be excluded, a full-mouth root planing (Frp) group, which carried out SRP without using chlorhex- . In addition, a preliminary study reported that Fdis is particularly beneficial in the short-term follow-up with an immediate effect on pocket reduction and clinical attachment gain 23) . The major effect of Fdis is asso-ciated with the completion of instrumentation within 24 hours, which means the untreated pockets are a major pathogenic microbial reservoir with other ecological niches making a minor contributor 24) . In addition, the effect of Fdis can be interpreted as a local Schwartzman reaction, which is the induction of an antibody from the release of a large number of antigens after instrumentation 25) . However, Apatzidou et al 11) reported no significance in this vaccination.
This study reported that SBI and PI were reduced leading to more effective removal of gingival inflammation and plaque in the early stages after the modified Fdis than the conventional method. Even when the measured PI was higher after Fdis than the conventional method, the gingival index was lower after Fdis than the conventional method, which means that Fdis is more effective in controlling gingival in-
. The level of plaque deposition decreased significantly in the modified Fdis group when using the chlorhexidine solution, which is effective in controlling plaque in the early stages of healing.
However, after considering the significant increase in plaque deposition after quitting chlorhexidine use in the experimental group compared with the control group, either the period of chlorhexidine use needs to be extended or oral hygiene needs to be emphasized to the patients through regular check-ups.
In this study, the probing depth in the area of the . The different effects of Fdis in the previous study were due not only to the form of chlorhexidine and its concentration, but also to the accessibility of the antiseptics to the deepest part of the pocket because a syringe with a blunt needle was used to the point of feeling resistance in the subgingival irrigation. Therefore, more study on the modified Fdis will be needed to determine the additional clinical effects with using these instruments in the deep pocket. . However, there were no significant differences in the clinical effects between SRP and Fdis has more beneficial effects in the treatment of moderate to severe generalized chronic periodontitis after 6 months than conventional SRP.
